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Central neural contribution to the perception of chest

pain in cardiac syndrome X

S D Rosen, E Paulesu, RJ S Wise, P G Camici
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Objective: To investigate the central neural contribution to chest pain perception in cardiac syndrome
X (angina-like pain, ECG changes during stress, angiographically normal coronary arteriogram).
Subjects: Eight syndrome X patients and eight healthy volunteers.

Methods: Dobutamine stress using echocardiography to assess myocardial function, and positron
emission fomography to measure changes in regional cerebral blood flow, as an index of neuronal

See end of article for

activity.
authors’ affiliations

Correspondence to:

Dr S D Rosen, MRC
Cyclotron Unit,
Hammersmith Hospital, Du
Cane Road, London

W12 OHS, UK;

stuart.rosen@ic.ac.uk disease,

Accepted
29 January 2002

tis obvious that pain is an important issue in all branches of

clinical medicine. However, the management of pain in gen-

eral, and chest pain in particular, remains suboptimal in
many instances. Improved understanding of the mechanisms
of pain would be welcome. In particular, the role of central
nervous system abnormalities in maintaining chronic pain
syndromes deserves greater attention.'

We have previously studied angina pectoris as a model of
visceral pain, by employing functional brain imaging with
positron emission tomography (PET) and oxygen-15 labelled
water (H,”0O), measuring regional cerebral blood flow as an
index of regional synaptic activity during pharmacologically
induced myocardial ischaemia.” Using this approach, we were
able to “map” the neural systems involved in the perception of
anginal pain in patients with coronary artery disease.” Subse-
quently, the technique was applied to investigate the
difference between painful and silent myocardial ischaemia in
patients with coronary artery disease.* As the distinguishing
feature between these two populations was cortical activation
rather than any demonstrable differences in the heart or in the
lower neuroaxis, we concluded that abnormal central nervous
system handling of afferent signals might determine the per-
ception of cardiac pain for comparable levels of afferent input.
A corollary of this was our hypothesis that abnormal central
nervous system handling of afferent signals might on its own
produce a syndrome characterised by cardiac chest pain.

Cardiac syndrome X is characterised by angina-like chest
pain and ST segment depression on the ECG during stress,
although angiographically the coronary arteries appear
normal. The quality of the pain and the ECG findings led ear-
lier workers to hypothesise that myocardial ischaemia might
account for the features of syndrome X.” However, the
actiology of chest pain in cardiac syndrome X remains
unclear.® Some studies have shown that myocardial blood
flow” and left ventricular function® can be within normal lim-
its in this condition, regardless of chest pain or ECG changes,
therefore casting doubts on the ischaemic origin of the pain.

Results: During similar doses of dobutamine, syndrome X patients and controls showed comparable
regional cerebral blood flow changes in the hypothalamus, thalami, right orbito-frontal cortex, and
anterior temporal poles, associated with the sensation of a fast or powerful heart beat. In patients, but
not controls, the stress also generated severe chest pain associated with increased activity in the right
anterior insula/frontal operculum junction. There were ischaemia-like ECG changes in the syndrome X
patients, but no left ventricular dysfunction on echocardiography. Activation of the right insula during
chest pain clearly distinguished the syndrome X patients from a group of patients with known coronary

Conclusions: Chest pain and ECG changes were not accompanied by demonstrable myocardial dys-
function in syndrome X patients, but altered central neural handling of afferent signals may contribute
to the abnormal pain perception in these patients.

Additionally, abnormal visceral pain perception has been
demonstrated consistently in most syndrome X patients, both
in invasive studies’' and during pharmacological stress."
While there is some evidence of autonomic dysfunction in
syndrome X, whether abnormal handling of afferent
stimuli by the central nervous system is involved in the
perception of chest pain in these patients has not been inves-
tigated.

Our aim in the present study was thus to determine
whether cardiac syndrome X patients have a distinct pattern
of cortical activation during chest pain. To do this, we
measured regional cerebral blood flow at rest and during dob-
utamine induced chest pain in a group of patients with
syndrome X and an equal number of matched normal volun-
teers. The results were also compared with data from patients
with known coronary artery disease.

METHODS

Study population

Syndrome X patients

Eight right handed patients (six women, two men; mean (SD)
age, 59 (9) years) were recruited consecutively from our clinic
over a period of one year. They were normotensive and had a
history of typical angina” on exertion in all cases; three
patients also experienced pain at rest. Physical examination
was normal in all cases, as were the resting ECG findings. All
patients developed > 0.1 mV rectilinear or downsloping ST
segment depression on the exercise ECG. Cardiac catheterisa-
tion showed angiographically smooth normal coronary arter-
ies. We employed strict exclusion criteria for other cardiac or
systemic pathology.”

Control subjects

Eight normal subjects (five women, three men; age 56 (11)
years; p = NS v the syndrome X patients) were also studied.
None had a history of cardiac or pulmonary disease, or risk
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factors for coronary artery disease. All had normal rest-
ing and stress ECGs and normal effort tolerance.

Stress echocardiography

A few days before PET scanning, patients underwent
stress echocardiography with intravenous dipyridamole
(0.56 to 0.84 mg/kg). The stress echocardiograms were
performed outside the scanner suite under ideal
conditions, and normal or enhanced ventricular function
was found in all the syndrome X patients. During the
PET scanning session, adequate views were obtained to
exclude wall motion abnormalities at rest and during
dobutamine stress.

Pain (LDD)

1.6%**
(2.8)

7.6***
(2.0)
0.25
0.46)

Max dose dob  Pain score

30
25
30
25
20
25
25
45
28
(8)
30
35
30
30
25
25
25
5
2
(4)

PET scanning protocol

Patients refrained from any drug treatment for 24 hours
before the scan; 3 blockers were stopped at least a week
before. As we have described previously,” * six regional
cerebral blood flow measurements were made for each
patient using dynamic PET with H,"”O (regional cerebral
blood flow is a reliable index of cerebral glucose
consumption, which increases when a given cerebral ter-
ritory is activated'®; the glucose consumption is, in turn,
coupled with Na/K dependent ATPase and with neuronal
firing rates'” ).

For the patients, an ECAT 931-08/12 positron tomo-
graph (CTI-Siemens, Knoxville, Tennessee, USA), was
used. The tracer was given as inhaled C”O,. For each
measurement, a 30 second background frame was
recorded, then scanning was continued for a further two
minutes, during which C”0O, was given at 500 ml/min
and 6 MBg/ml activity."”

For the controls, we obtained access to a Siemens 953B
positron tomograph (Erlangen, Germany) and used
intravenous H,”O (10 ml/min and 55 MBq/ml activity
over two minutes).

For ethical reasons (radiation exposure using the 953B
scanner was [5.5 mSv compared with slightly more than
12 mSv on the 931-081/12 scanner for the same
protocol), all the controls were studied on the 953B
scanner. However, the method of analysis (see below)
allowed direct comparison of the various datasets.

All subjects underwent the same series of measure-
ments as follows:

RPP (dob)
18 200
18 600
17 400
26 600
13311
12 840
26 792
16 640
18 798**
(5310)
13 920
14 904
15912
21120
22272
18 480
17 0608§
(5394)

20111
21798

10 150

9800
9100
11 220
7200

8100
11 200

7800
9321
(1531)
9576
7920
10 120
8946
9222
14 420
8880
9033
(1730)

13

60
100
100
100
95
9.
90
7

(13)
94
59
88
88
01
74
70
81
(14)

DBP (rest) DBP (dob) RPP (rest)
75

80
75
70
90
60
65
70
70
73
(9)
77
63
67
73
74
118
89
65
78
(18)

SBP (dob)
130
155
145
190
153
120
197
160
156
(27)
116
138
17
176
198
231
169
173
165
(40)

145
140
130
155
120
114
120
110
126
159
186
206
120
143
(37)

(1)

0.0002 v rest. DBP, diastolic blood pressure; dob, at peak effect of dobutamine infusion; F, female; HR, heart rate; LDD, low dose

140
120
120
140
87
107
136
104
(19)
120
108
136
120
120
80
119
126
116§
(17)

HR (rest) HR (dob) SBP (rest)

7
70
70
66
60
60
80
60
67
(7)
66
85
71
52
70
74
70
(12)

(1) Baseline 1: subject lying on the scanner couch at rest.

0.0001 v rest; §§p

(2) Placebo: after six minutes of a placebo infusion of
saline. The subjects, who were unaware of the nature of
the infused substance, were warned of the possibility of
chest pain or sensations in the chest because of the infu-
sion, which was continued throughout the scan.

(3) Baseline 2.

(4) Low dose dobutamine: during an intravenous
infusion of low dose dobutamine, 5 ug/kg/min for three
minutes and then 10 pg/kg/min for three minutes, the
latter continued throughout the scan. Subjects were
again blind with respect to the infused substance and
were warned as in (2).

:

1,V3-6
V4-6
Non-spec ST/T inf 84

No signif change
No signif change
No signif change
Non-spec ST/T inf 58
No signif change
No signif change
No signif change

ECG (dob)
OST V5,6
OST 11, V4-6
OST I, 11, aVF
OST V5, 6

ECG (rest)
Normal
Non-spec T
Normal

(5) High dose dobutamine: during infusion of high dose
dobutamine, from 20 ug/kg/min up to a maximum of 35
wng/kg/min, increasing by 5 ug/kg/min increments every
three minutes. If chest pain supervened or ischaemia-
like ECG changes were noted, the infusion was
maintained at the pain inducing (or ECG altering) dose
and the PET acquisition was performed. The infusion
was continued at this dose for the 2.5 minutes of
scanning. (Dobutamine, a [, agonist, is a positive
inotrope and increases cardiac work; it has a short half
life, (2.4 minutes,” and it does not cross the blood-brain
barrier.”')

Coronary arteries
Smooth, norma
Smooth, norma
Smooth, norma
Smooth, norma
Smooth, norma
Smooth, norma
Smooth, norma

Smooth, norma

0.0003 v rest; ***p<0.0001 v normal controls. §p
dolbutamine; M, male; non-spec, non-specific; RBBB, right bundle branch block; signif; significant; ST, ST segment depression; SBP, systolic blood pressure.

Characteristics and haemodynamic and pain responses of patients and controls
Sex
M
F
F
F
F
F
F
M
M
F
F
F
F
M
M
F

Age
Syndrome X

62

47

5

52

54

59

()
Normal controls

61

63

37

54

=0.0001 v rest; **p

(SD)
1

2

3

4

5

6

7

8
Mean
(D)
*p

1
2
3
4
5
6
7
8
Mean

Table 1
Subject
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Table 2 Coordinates of loci of maximum increases in regional cerebral blood flow during chest pain caused by high
dose dobutamine compared with baseline (indicated by the highest Z score within each structure)
Left Midline Right

Brain region X y z Z score X y z Z score X y z Z score
Syndrome X patients

Lateral orbitofrontal cortex -28 26 -20 7.0 24 30 -20 7.2
Anterior temporal pole -22 34 -16 6.5 30 24 -24 7.3
Premotor cortex -56 6 20 4.6

Insula 40 20 4 35
Thalamus -22 -32 8 4.1

Hypothalamus -2 -6 -24 7.1

Brain stem -4 -96 -24 4.6

Controls

Lateral orbitofrontal cortex -24 40 0 3.9

Anterior pole of temporal lobe -38 20 -28 6.9 22 20 -28 7.3
Insula -28 -6 20 5.9

Dorsal cingulate cortex -8 -30 36 52

Thalamus =22 =2 16 5.1 22 -38 8 3.9
Cerebellum -40 -90 -30 4.7

Coordinates in the x, y, and z axes of the significant regional cerebral blood flow increases with reference to the stereotactic space defined by the atlas of
Talairach and Tournoux.?? Statistical magnitudes are expressed as Z scores.

(6) Baseline 3: after chest pain had ceased and the ECG had
returned to baseline. This was performed in all subjects at
least 13 minutes after stopping dobutamine to allow for its
complete clearance.

Analysis of PET images

The PET images were realigned and then transformed into
a standard stereotactic space.” The regional cerebral blood
flow data were corrected for global regional cerebral blood
flow changes and then compared between the different scans
of the study by carrying out a series of ¢ tests (or more
precisely, a block design analysis of covariance) on a voxel by
voxel basis by statistical parametric mapping (SPM™, MRC
Cyclotron Unit, Hammersmith Hospital, London, UK).” *

The regional cerebral blood flow changes induced by the
high dose dobutamine infusion were compared with the mean
of baselines 1 and 2; the changes induced by placebo and low
dose dobutamine were also compared with baseline. Regional
cerebral blood flow in the post chest pain phase (baseline 3)
was compared with baselines 1 and 2 combined. After within-
group analysis for the different groups, a direct comparison of
the syndrome X and normal subjects was made. Differences
between groups with respect to the areas of increased regional
cerebral blood flow during chest pain were computed as inter-
actions of between-group factors (syndrome X v normal con-
trols) and the within-group conditions (high dose dob-
utamine scan v baselines 1 and 2). As the interaction effect
could be predicted by the main effect (high dose dobutamine
— baselines 1 and 2) in each group, a less harsh statistical
threshold (p < 0.01, without Bonferroni correction) was used
for the statistical maps. The resolution of the technique is such
that only loci of less than approximately 6 mm cannot be
distinguished."”

The same approach was used for a secondary comparison of
the syndrome X patients with previously published data from
a group of patients with stable angina caused by coronary
artery disease’ (seven men, two women, age 61 (7) years;
p = NS v the syndrome X patients).

Owing to the nature of the statistical analysis in this study
and the signal changes in cerebral blood flow that were being
measured (typically [5%), the results are considered in the
form of pooled datasets for each group of subjects. Intra- and
interindividual comparisons are not feasible within the meth-
odology of the present study.

As the data from the coronary artery disease patients had
been acquired about two years before those of the syndrome X

patients, and those from the syndrome X patients about 1.5
years before those from the normal controls, it was necessary
to achieve comparability between the study groups. The
syndrome X and normal control data were manipulated in
SPM 96, fitted to the SPM 95 template, whereas the secondary
comparison between the syndrome X patients and the coron-
ary artery disease patients was performed using SPM 91, the
original software used in the first angina study.” None of the
controls in the present study were processed using SPM 91.

Assessment of chest pain

Chest pain was assessed in all subjects as their self rating of
the presence and maximum severity of chest pain provoked by
the placebo or dobutamine infusions. The pain score was
recorded on an arbitrary scale from 0/10 (no chest pain) to
10/10 (unbearable chest pain).”

Ethical considerations

The project was approved by the research ethics committee,
Hammersmith Hospital, and the UK Administration of Radio-
active Substances Advisory Committee (ARSAC), and ac-
corded with the principles of the Declaration of Helsinki.

RESULTS

Haemodynamic effects of the high dose dobutamine
infusion

These data are presented in table 1. The dobutamine infusion
was not accompanied by any echocardiographic sign of left
ventricular dysfunction in the syndrome X patients.

Pain perception
High dose dobutamine
During the high dose dobutamine infusion, all the syndrome
X patients experienced typical severe, retrosternal chest pain,
with no radiation to any other site. Two control subjects felt
mild throat tightness (but no frank pain). The patients
reported that the sensation of chest pain dominated their
attention. In contrast, the controls variously described any of
the following: awareness of a strong fast heart beat (4/8); neck
or throat tightness (2/8); shortness of breath (1/8); or no
alteration in sensation (2/8).

In all patients, the severe chest pain experienced was
accompanied by ST segment depression of > 0.1 mV on the
ECG, whereas the controls” ECGs remained normal (table 1).
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Table 3 Coordinates of loci of maximum increases in regional cerebral blood flow during high dose dobutamine
infusion, common to both the syndrome X patients and the normal control subjects, compared with baseline (indicated by
highest Z score within each structure)

Left Midline Right
Brain region X y z Z score X y z Z score X y z Z score
Lateral orbitofrontal cortex -24 36 -16 6.7 24 34 -16 7.3
Anterior temporal pole -34 20 -28 7.6 40 22 -20 7.3
Medial parietal cortex -8 66 36 5.9
Thalamus -22  -30 8 5.6 18 -28 12 4.3
Hypothalamus 0 -6 -28 7.6

Coordinates in the x, y, and z axes of the significant regional cerebral blood flow increases with reference to the stereotactic space defined by the atlas of
Talairach and Tournoux.?? Statistical magnitudes are expressed as Z scores.

Low dose dobutamine left insular cortex, anterior pole of both temporal lobes, and
Three of the eight syndrome X patients but none of the left and right orbitofrontal cortex (table 2). Low dose
controls experienced chest pain during the low dose dobutamine produced activation in the right thalamus (14,
dobutamine infusion. =38, 12; Z =3.9), left orbitofrontal cortex (-38, 20, —28;

Z =4.4), and right anterior temporal pole (28, 22, —24;
Placebo Z = 5.2). As with the patients, activity persisted in the left
One syndrome X patient, but none of the controls, felt chest thalamus after cessation of dobutamine (18, —34, 8; Z = 3.7)
pain during the placebo infusion. but there were no differences between the placebo scan and

the baseline scans. Also, the contrasts high dose dobutamine —

PET findings placebo and high dose dobutamine — baselines 1 and 2 were
Syndrome X comparable.
During the chest pain provoked by high dose dobutamine,
activity increased in the brain stem, the midline cerebellum, . o
hypothalamus, both thalami, the anterior pole of both tempo- Comparison of areas of activation between syndrome X
ral lobes, the left and right orbitofrontal cortex, the right patients and controls
insula, and the right premotor cortex (table 2). Low dose dob- The activity changes evoked by high dose dobutamine
utamine produced activation in the right thalamus (18, -36,4; ~ compared with baseline in the patients and the control
Z = 4.3) and the right prefrontal cortex (46, 26, 8; Z = 4.4). In subjects were directly contrasted. The regions in which activa-
the baseline scan after the cessation of chest pain, activity was tions were similar in the two groups are shown in table 3. The
still increased in the left thalamus (=20, =26, 8; Z = 4.1) com- main difference in the contrast syndrome X patients > control
pared with the ecarlier baseline scans. There were no subjects (that is, areas with increased regional cerebral blood
differences between the placebo scan and the baseline scans. flow in the syndrome X patients but not in the controls) was
In addition, the contrasts high dose dobutamine — placebo and ~in the right insular cortex at the junction with the frontal
high dose dobutamine — baselines 1 and 2 were comparable. operculum (40, 20, 4; Z = 4.7), with a trend for greater activ-
ity in left orbitofrontal cortex (-28, 32, —16; Z = 3.6) (figs 1
Controls and 2). In the contrast control subjects > syndrome X patients
During high dose dobutamine, the controls showed activation (that is, areas with increased regional cerebral blood flow in
in the left cerebellum, both thalami, dorsal cingulate cortex, the controls but not in the syndrome X patients), significant
Sogital L Cananal R Sagisal L Coronal R

""-_

T"’III""rI'I Ll

Figure 1 Activation of the right anterior insula during dobutamine induced chest pain. This feature distinguishes the syndrome X patients from
(on the left) patients with coronary artery disease and (on the right) normal controls. The images are obtained by projecting the results obtained
from the SPM analysis onto an MRI template. The colour coding shows degree of statistical significance (Z score) and the physical extent of
those volume elements (voxels) in which regional cerebral blood flow was significantly different between the patient groups for the comparison
high dose dobutamine v rest. MRI, magnetic resonance imaging; L, left; R, right. For the stereotactic coordinates, see fext.
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Maximum difference in rCBF increase at right insular
region of interest: SX patients v normal controls
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Figure 2 Time course of regional cerebral blood flow changes in the right insula region of interest. The differences in activation between the
syndrome X and coronary disease patients (left of figure) and between the syndrome X patients and the normal controls (right of figure) can be
seen fo occur maximally during day (dy) 5, the high dose dobutamine scan. (The sequence of dynamic scans, dy1-dyé, is as described in the
text.) *p<0.001;**p<0.0001. CAD, coronary artery disease; SX, syndrome X.

differences were found in the left insula (=28, =6, 20; Z = 4.7)
and right anterior cingulate (18, 26, 16; Z = 4.7).

An interaction test was performed between syndrome X
patients and the normal control subjects for the effect of high
dose dobutamine infusion compared with baseline, masked
using the main effect in the syndrome X patients. The coordi-
nates of loci of maximum increases in regional cerebral blood
flow (indicated by highest Z score within each structure)
were: brain stem (6, =14, —12; Z = 3.0), right insula at the
junction with the frontal operculum (40,20,4; Z = 4.7), left
lateral orbitofrontal cortex (-28, 32, —=16; Z = 3.6), premotor
cortex bilaterally (=56, 6, 20; Z = 3.6 and 50, 12, 8; Z = 4.1),
and left medial temporal lobe (-14, 6, —20; Z = 3.3).

Comparison of syndrome X patients v patients with

angina due to coronary artery disease

In our earlier study of patients with angina due to coronary
artery disease,” an identical protocol was used and the
dobutamine dose given was comparable with that in the
present study.

For the high dose dobutamine scan v baseline, activity was
significantly greater in the right anterior insula in the
syndrome X patients than in the previously studied patients
with coronary artery disease. Lesser differences were seen in
the cerebellum, right thalamus, and left orbitofrontal, right
dorsal frontal, and bilateral prefrontal cortices (table 4; figs 1
and 2).

DISCUSSION

The conception of cardiac syndrome X has gradually evolved
from a paradigm centred upon myocardial ischaemia to one
based upon differences in pain perception.” However, the con-
tribution of the central nervous system to the pain processing
has not been examined up to now.

Summary of findings

Syndrome X patients and normal controls had comparable
regional cerebral blood flow responses to dobutamine stress,
with activation in the hypothalamus, thalami, right frontal
cortex, and the anterior temporal poles, associated with the
sensation of a fast or powerful heart beat. However, in the
syndrome X patients, but not in the controls, the dobutamine
stress also generated severe chest pain. This was associated
with increased activity in the right anterior insula at the junc-
tion with the frontal operculum. Conversely, there was greater
activity in the left insula and the right cingulate cortex in the
controls. A comparison with our earlier published data from
patients with angina due to coronary artery disease’ also
showed greater right anterior insular activity in the syndrome
X patients during the high dose dobutamine infusion. We
therefore believe that activation of the right insula has a
significant role in the perception of chest pain in syndrome X.
(The insula is known to receive cardiopulmonary inputs; its
circuitry and functional correlates have been extensively
reviewed by Augustine.*)

Table 4 Syndrome X v coronary artery disease: coordinates of loci of differences in
regional cerebral blood flow increases during chest pain caused by high dose
dobutamine (indicated by the highest Z score)

Left Right
Brain region X y z Z score X y z Z score
Lateral orbitofrontal cortex -28 18 -16 3.2 24 18 -20 2.9
Insula 34 2 12 4.8
Globus pallidus 24 -6 4 3.8
Thalamus 16 -6 0 3.6
Cerebellum 8 -54 -20 3.6

as Z scores.

Coordinates in the x, y, and z axes of the significant regional cerebral blood flow increases with reference to
the stereotactic space defined by the atlas of Talairach and Tournoux.? Statistical magnitudes are expressed
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The complete absence of echocardiographic evidence of left
ventricular dysfunction during the chest pain in the syndrome
X patients would argue against the presence of myocardial
ischaemia, despite the presence of ST segment depression on
the ECG (the significance of which remains uncertain).

Regional differences in brain activation in relation to
differences in sensory experience

The sensations experienced in response to dobutamine were
different in the normal controls and the syndrome X patients.
The former were aware of a rapid heart rate, a percept
normally associated with exertion, excitement, or fear, to
which subjects would be expected soon to habituate. In
contrast, the syndrome X patients had substantial pain. Pain is
usually associated with tissue injury and so the perception of
pain is likely to be associated with a greater emotional
response (fear and anxiety), to which the subject will habitu-
ate slowly, if at all. The differences in sensory percepts between
groups are likely therefore to be reflected in the different pat-
terns of increased regional cerebral blood flow.

If we had confined our data analysis to a comparison of the
syndrome X patients and the normal controls, it might be
inferred that this key symptomatic difference—that is, the
presence or absence of chest pain—accounted for all the
differences in regional cerebral blood flow. However, our com-
parison of the syndrome X patients with our earlier coronary
artery disease patient group,’ all of whom experienced angina
of similar severity to that of the syndrome X patients, is
crucial. The fact that the differences in regional cerebral blood
flow remained significant in this latter comparison shows that
the changes were not simply a result of the presence or
absence of pain.

Hypothesis about the mechanism of cardiac pain
perception

Considering the data from the present study in the light of our
earlier studies,’* we hypothesise that abnormal central
processing of cardiac signals causes or facilitates pain percep-
tion during dobutamine stress in syndrome X patients by a
central misinterpretation of the increase in firing in afferent
nerves. Extending a concept that dates back nearly a century
to Colbeck,” we suggest that changes in myocardial stretch
during the increased cardiac work generate the increase in
afferent nerve firing. In a normal healthy individual, a
continuous stream of afferent stimuli from the heart reaches
the brain, but the signals do not reach consciousness—there is
no percept. In conditions of true myocardial dysfunction, for
example during ischaemia in coronary artery disease, there is
a greater intensity of afferent signalling from the heart and a
correspondingly greater extent of cortical activation. A percept
of pain is thereby generated. The thalamus probably has a key
role in the perception of pain from the heart, acting as a gate
to afferent pain signals, with cortical activation being
necessary for the sensation of pain. From our previous study of
patients with coronary artery disease and silent ischaemia,*
we concluded that altered central nervous handling of afferent
signals from the heart (an “overactive gate”) might contribute
to lack of perception of chest pain in those patients. (This
notion has also been advanced by Lenz et al.**)

On the basis of the data in the present study and other work
in the field, it is not yet possible to specify the site of any neu-
rophysiological abnormality in syndrome X (whether at the
level of the peripheral nerves, subcortical processing, cortical
activity, or any combination of these). However, we do know
that in our syndrome X patients, the perception of pain is
accompanied by greater and more extensive cortical activation
than in angina due to coronary artery disease, despite there
being no discernible myocardial pathology. One might
therefore think of syndrome X as being a type of cortical pain
syndrome, a “top down” process, in contrast with the “bottom
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Pain ‘

No pain Pain Pain

Cerebral
corfex
Thalamus I _— —_— &/or
(gating)
Heart
Normal  Angina pectoris ~ Syndrome X Syndrome X

Figure 3 Schematic description of our hypothesis on the perception
of cardiac pain. A full description is in the text.

up” generation of pain caused by myocardial ischaemia in cor-
onary artery disease. The component parts of this mechanism
remain to be elucidated—for example, how far an ineffective
thalamic “filter” is responsible or to what extent cortical mis-
interpretation of signals is involved (fig 3). Although the com-
parison between syndrome X and our historical coronary
artery disease patients (table 4) suggests that the cortical ele-
ment is the main one, the finding that both the syndrome X
patients and the normal controls had substantial and equival-
ent increases in regional cerebral blood flow in the thalamus
suggests that the issue is less straightforward.

Further implications of the present study—abnormal
autonomic neural regulation

Several groups have reported increased sympathetic activity in
syndrome X on the basis of haemodynamic and metabolic
evidence” and heart rate variability data.” "*. This topic has
recently been reviewed in detail.” The central neural
abnormalities demonstrated in the present study (especially
the left insular activity found in normal subjects but absent in
syndrome X patients) may contribute to abnormal autonomic
regulation.

Limitations of the study

Potential sex differences

Sex differences in the regional cerebral blood flow response to
stress in general, and to dobutamine in particular, could be an
important limitation, as our syndrome X population mainly
consisted of women, as did our normal control population,
while our coronary artery disease patients were mainly men.
Although the numbers are very small, we found no difference
between the sexes within our normal controls for regional
cerebral blood flow changes in the main region of interest (the
right insula); there was a small fall in both sexes, compared
with a rise among the syndrome X patients. Similarly, with
respect to the blood flow changes in the left prefrontal cortex
(Brodman area 47, the region with the largest Z score), there
was no significant difference between the nine male and three
female patients with coronary artery disease.

There have been several studies suggesting sex differences
in cerebral activation, but the methodology of some of these
has recently been called into question, and a recent study
found no differences between the sexes in lateralisation in
response to some stressful stimuli.” In contrast, Paulson ef al
found greater prefrontal activation in 10 women subjected to
a thermal stimulus to the left hand compared with 10 men
given the same stimulus,” although it should be noted that
the processing of somatic pain is mediated by distinct
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pathways.” Only a new study involving a direct, sex matched
comparison between syndrome X patients and coronary artery
disease patients would resolve this matter.

Temporal resolution of the scanning method

The scanning mode adopted for this study is such that
increases in regional cerebral blood flow were summed over a
two minute single frame; the method therefore cannot differ-
entiate afferent from efferent activations.

Differences between the syndrome X patients, coronary
artery disease patients, and controls other than the
experience of chest pain

The differences between patients and controls extend beyond
pain registration and processing and include cognitive and
emotional aspects. For example, abnormal laterality of
cerebral activation has been demonstrated in coronary artery
disease patients during mental arithmetic stress.”

Conclusions

The present hypothesis generating study does not provide all
the answers about how pain perception—a complex process
involving many structures and activities—is abnormal in
patients with syndrome X. However, it is the first study to pro-
vide data pointing directly to an involvement of the central
nervous system in this disorder and invites further work on
the topic.
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